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IOREWORD

This is Interim Prcgreca Report No. 6 of a research

program on fuel cell electrodes convlucted by the Central Research

Division of American Cyanamid Company under contract with the U. S.

Army Mobility Equipment Research and Development Center.

The principal objective of the program is to obtain

0.75 volt at current densities of 100 amperes per square foot, in

matrix cells operating with phosphoric acid electrolyte at 100-1500C

and utilizing hydrogen containing 3-5 mole % carbon monoxide.

During the present report period, manpower levels were

increased. The expanded effort placed greater emphasis on anode

catea4-st evaluatioii, and included development and evaluation of improved

matrix materials, in addition to life-testiag with standard and

I experimental components.
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Glossary of Term

Electrodes

AA - Unsupported noble metal catalyst applied with PFIE to
a tantalum screen.
AA-1 9 to 10 Mg Pt/cm2 on 50 mesh tantalmn screen.
X 9 to 10 mg Pt/cm2 on expareed tantalvm screen.
X7 5 mg Pt/cm2 on 50 mesh tantalum screen.

BA - Noble metal(s) deposited on or mechanically mixed with a
substrate material and applied with PT7E to a tentsaum
screen.

RA - CO resistant anode. 42.5/42.;/,5 weight ratio Pt/Rh/)02

catalyst (mechanically mixed with Cvammid Graphite at low
loadings) applied with PTFE to an erpened tantalum screen:

Loading, !L/cm2

Pt a E_ Graphite

RA-l 7.5 7.5 2.6 0.0

RA-2 2.5 2.5 0.9 4.1

Rh-3 1.5 1.5 0.5 6.5

Mintrices.

S-A highly porous matrzi consisting of wettable
corrosion resistant filler materiels bound by PTTZ.
TA-I Etched FM floc filler.
1 Zirconium pyrophavphate filler.

Electrode PabkPI

a- pliable micro-porous PTF film which fow a gas
permeable - liquid Impermeable barrier.
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1. SUMMARY
1.1 Evaluation of General Electric Company Catalysts and Electrodes

Several samples of anode catalysts comprising platinim

codeposited with other noble metals (principally ruthenium) on boron

carbide or a boron carbide-mixed chromiumn-tungsten oxide substrate were

obtained from General Electric Company. These catalysts were made into

electrodes and teated in matrix cells In 5 N H2SQ•c (TO0C, 1% CO) and

95-9T% BHP 4 (150*C, -10% CO). Date were also obtainedL for 3everal

electrodes prepared by General Electric Company from one of the above

catalysts.

Electrodes pre.ared from thlese catalysts using American

Cyanamid Company'L standard fabrication tecnniquies gave results that

were generally iomewhst poorer than we.re obtained with equivalent load-

Ings of type RA catalysts. Significant improvements were observed in

some cases when graphite was added to the catalysts, and one sample,

with added graphite and a heat-treatment, gave outstanding results. The

electrodes prepared by General Electric Company gave good initial per-

'formance. Further work will te donae to modify our electrode fabrication

techniques to accommodate boron carbide-based catalysts.

1.2 Electro-Catalyeis Studies: Sulfur-Covered Platinum Black Electrodes

The effect of adsorbed surfur on the current-potential

behavior of platinum black electrodes operating on impure hydrogen in

phosphoric acid electrolyte was examined. The stability of the sulfur-

covered platinum surface with time was also briefly investigated.

Sulfur was deposited on the platinum black surface by

addition of sodium sulfide to a sulfuric acid solution in which the

electrode was immersed. Cyclic voltammetric techniques were used to

t... ..i -• .......• -•. .. ..... ... .... .. ... ... • .......
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estimate the amount of sulfur on the surface, and to ctudy the effects

of the adsorbed sulfur on the combined hydrogen-carbon monoxide electrode

Irocese.

Polarization data were obtained in a free electrolyte cell

operating with 95-97$ phosphoric acid at 100IC, using Lmpure hydrogen

fuel mixtures contadinng 1-Z0$ CO. With sulfur-envered type At eleI r-odes

at 5 and 10 mg Pt/cm2 , significant decreeses in polarization as compared

with the eame electrodes without sulfur were observed. However, these

Improvements do not appear to be As great as can be obtained by otber

meens, szch as the use of tyt3 RA catalysts.

Cyclic voltammetric meb.iurements indicate that at least

over short periods (up to 18 hours), th• sulfur-covered platiDnm surface

is stable in phosphoric acid at 000C so long as the electrode poten-lal.

is maintained below the oxidation potential of sulfur (approximately 0.7 V

with respect to a hydrogen reference electrode in the same electrolyte).

1.3 Matrix Developeent and Evaluation

Work in this area included corrosion testing of various

possible filler materials, and the preparation and evaluation of experi-

mental matrices. The matrices were characterized in terms cf their

dimensional stability, porosity, bubble pressure, and resistivity.

Corrosion teats at 150 and 200°C in 100% phosphoric acid

were run on various forms (fiber and powders) of fused quartz, tantalum

pentoxide, and zirconium pyrophosphate. Of these materials, tantalum,

pentoxide powder showed the greatest stability (1% weight loss at 1500 C,

1% at 200C). With comnercia. tantalum pentoxide fiber and cloth samples,
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on the other hand. weight loss was significant at 150"C and severe at

?00C. Zi.rconium pyrophosphate also was significantly attacked at both

temperatires. Fused quartz showed little weight loss at higher tempera-

ture, but microscopic examination showed evidence of severe structural

degradation.

The dimensional stability of matrices prepared with

etched PIFE (TA-i), zirconium pyrophosphate (TA-2) and fused quartz

fillers vhen exposed to hot phosphoric acid was investigated. These

matrices as mianictured are in a water .wet condition, Pad in normal

handling are equilibrated directly in the phosphcric acid electrolyte.

For matrices handled in this way, dimensional stability in hot rhosphoric

acid was poor (area losses of 16-5T% and thickening of 44-x&o92 were observed

after 300 hours' exposure to 100% H3 PO4 at 150°C and 200°C). It was found,

-however, that if the matrices are dried prior to equilibration with phos-

phoric acid, dimensional stability is greatly improved. In the drying

process, some loss in porosity is incurred.

The effect of heat-treating the dried matrices was studied.

Heat-treating at 250-3000 C (below the sintering temperature of PTFE) had

little effect on dimensional stability, but may have improved the

revettability of some of the materials. Heating at 3h0-360OC caused

severe shrinkage with the TA-I ufftrix, and drastic loss of mechanical

strength with most of the other materials.

1.4 Life Testing

Major emphasis during this period was placed on determining

the performance levels and stability which tray be expected from standard

electrode-niatrix combinations o-erating at 100 mA/cm2 on impure H2 fuel
p'

- - . -~" . .



with posphoric acid electrolvt', at 100-1500C. A limited amount of

eval-aation vork was also done vith experimental anode and cathode

structurea.

Several life tests using the standard TA-i matrix and

operating on pure hyiroger fnal have been run for periods lcnger than

7,000 hours. Overall declirse rate for the 7,000-hour period was 1.5-

3 mV/100 hours in two tests at 150°C, and less than 1 mWl00 hours in

one test at I00'C. Initial voltage was 0.69-0.71 volt for the 150°C

tests, and 0.66 volts for the IQ0*C tee..

A number of impape hydrogen fuel mixtures have been used

in the life testing prcgrem. Early work was carried out with binary

mixtures containing up to 10% CO in hydrWgn. More recently, a

synthetic refCrmate (3% CO, 27• C02, 70f H2 for tests at 150°C and 1% CO,

29% C0 2 , 70" H2 for tests at 100 0 C) hae been used. The stability of the

RA-2 anode on im~pre hj-drcgen fmel at 1,O0C has ueen evaluated in several

ways. In tests which were alternated periodically between pure hydrogen

an. hydrogen containing •o% CO, the voltage loss (from pure to impure

hydrogen) appeared to increase somewhat with time. Also, in tests run

for longer periods on 10% CO in hydrogen and on the synthetic reformate,

the voltage decline rates appeared to be somewhat higher than in corres-

ponding tests with pure hydrogen. On the other hand, reference electrode

measurements made in several tests of up to i,41100 hours' duration indicated

that the anode was relatively stable, while the cathode declined naarly

linearly with time. Overall, the major stability problem with respect

to operation at temperatures of 150*C or higher a!'pears to lie with tne

cathode.
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Two apparently significant factors affecting the per-

formance of RA-2 anodes at 150"C were noted: (1) the use of a secondary

extractable filler in the electrode preparation to modify the pore

structure, and (2) oxygen treatment of the anodn during start-up. Based

on limited data, both of these procedures appeared to improve performance

stability on synthetic reformate. Further vork is needed to confirm and

to optimize these effects.

Best performance tc. date with synthetic reformate at 1500 C

has been achieved with RA-2 ciectrode•j having the modified pore structure.

In several tests, peak voltagee of 0i.70-O.T1 V at 100 mA/cm2 were ob-ainel,

with voltage decline rates over the first 3,000 hours of apwproximately

T mW/100 hours.

Type BA (platinum on graphite) cathodes at 5-10 mg Pt/cm2

were evaluated in a number of life tests. Performance was quite variable

from test to test, and generally lower th-n that for AA-2 cathodes, but

there is some evidence that this type of cathode may operate more stably.

Testing at 1000 C was generally hampered by poor reproduc-

ibility. Best performance with RA-2 anodes on pure hydrogen was in the

range o.64-o.66 V at l00 mA/cm2, and on synthetic reformate (1% CO),

approximately 0.60 V.
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2. INMRODLETION

While the original objectives of the work being c-rried

out under this contract involved direct hydrocarbon conversion in matrix

type fuel cells, recent emphasis has been placed on development of an

effective electrode-matrix combination for utilization of impure hydrogen

fuel obtained by reforming of hydrocarbons. During the period covered

by Report No. 5 (January, 1967 - July, 1967), work was carried out in

both sulphuric and phosphoric acid electrolyte systems. In view of the

generally poor results obtained with sulfuric acid, however, life testing

during the present period was done only with phosphoric acid electrolyte.

Emphasis was placed on characterizing the performance of standard RA-2

anodes and AA-2 cathodes on synthetic reformer gases containing 1-3%

carbon monoxide and 70% hydrogen (balance carbon dioxide).

Because it was felt that more effective anode catalysts

and cathode structures would be required to reach the stated objective

of 0.75 V at current densities in excess of 100 amperes/ftl, work in the

catalyst area has been increased. Also, in order to take advantage of

the increased tolerance of anode catalysts toward carbon monoxide and

the increased reactivity of hydrocarbons at temperatures up to 2OO0 C,

the need was felt for a matrix compatible with strong phosphoric acid

electrolyte in this temperature range. Accordingly, the contract effort

was expanded to include matrix development and evaluation. The present

report describes the progress made in these various areas during the

period July, 1967 to January, 1968.
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3. RESULTS AND DISCUSSION

3.1 Evaluation of General Electric Company Catalysts and Electrodes

During the latter part of this report periol work was

initiated under this contract to cover several aspects of zatalysis

as it pertains to matrix cell testing on carbon monoxide mixtures in

hydrogen. This section and the one that follows report two directions

in which work has progressed.

A number of promising catalysts for hydrogen/CO mixtures

have been developed by General Electric Company under contract to

(14)MER=C. These catalysts were developed for, and had been tested

primarily in, sulfuric acid free-electrolyte cells, Preliminary evalua-

tion by American Cyanamid Company of several of these catalysts in the

phosphoric acid matrix system ir reported here.

The catalysts obtained from GCneral Electric Company are

listed in Table 3.1-1. There were two types, c-ne consirtin% of various

noble metal mixtures supported (at, 10-20% noble metal) on a boron carbide

base, and the other consisting of 16.7% (Pt-Ru 7:3) on a mixed base

(B 4 C + Cr 2 03 .WOx in varying proportions). Three electrode sheets pre-

pared by General Electric Company from catalysts of the latter type were

also submitted for our evaluation.

3.1.1 Apparatus and Techniques

The apparatus and the experimental techniques used for

this work were similar to those used in the life testing program. The

cell design was similar to that described in Progress Report No. 1(la)

except adapted to use a one-ini:h diameter electrode disc (5 cm2 active

area). Cell parts were of solid tantalum metal snd platinum mesh spacer

screens were used along with FTFE gaskets and glass fiber paper as a

matrix material. Internal cell resistances under open circuit conditions
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Table 2.1-1

Catalysts Pceived from General Electric CompaS

Crystallite Size

Ideutification compo•ition S_•pcrt A

8462-..50- 10% C.-Ir 4:1) B4 C 50

8728-2o-l 1o0 (Pt-Rh 1:1) 84C 50

8?n8-2o-4,o % (Pt-Ru 411) B4C 20

8728-39- 0% (Pt-Ru 1:1) B4 C 15

E728-42-1 20% (Pt-Rh 1:1) B4C 20

8821-115A(2) 2 Pt B4C 60

8821-115B(2) 20%(Pt-Ru 3:2) B4C 25

8808-1ihA 16.7% (Pt-Ru 7:3) B4C + Cr203 •Yx, 1 1

8808-i1&B 16.7% (Pt-Ru 7:3) B4 C + Cr203  WOx, 1:2

8808-141iC 16.7% (Pt-Ru 7:3) B4C + Cr203 • 1:3

(i) Measured in Cyanamid Laboratories by X-ray line broadening for the noble

metals present.

(2) 10 gram samples. All other samples were approximately 2 grams.

'4
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were measured with a Keithley Model 503 line-operated milliohmmeter

before and after the polarizatioii crrve. At eE-ch point of the polariza-

tion curve, the current density was maintained for at least two minutes,

Normally, data were obtained in 5 N H2 S04 at 70°C and in 95-9T% H3 P04 at

150-C.

The catalyst powders received from GE were formed into

electrodes by our usual laboratory procedure. A mixture of the catalyst,

Baymal altmina filler and FTFE latex (du Pont 3aB), was spread on a

-" x 2" tantalum screen, dried and then washed with trichloroethylene,

ethanol, and finally hot 5 N_ H2S04 to remove the alumina filler. The !

percentage of PTFE used was l4f. Using a normal catalyst loading of

10 mg/cm2 gave 1-2 mg noble metal/cm2 depending on the wercentage of

noble metal in the catalyst.

Where graphite was added, it was usually done eat 50% of

the weight of the catalyst used, and the PTFE was increased correspond-

ingly to kIrep the same 14% in the final electrode. In several tests,

a heat treatment was applied to the formed electrode by placing it in a

Carver press at contact pressure for five minutes at 2800C. In these

heat treated samples, the PTFF level was lowered to 10%.

Since the catalysts discussed in this section were

designed for use as anodes, all cells were assembled with a counter-

electrode (cathode) wbich was a standard AA-i electrode with 9 mg Pt/cm2 ,

operating on oxygen.

3.1.2 Catalysts Spported on Boron Carbide

The results obtained in H2 S0 4 at 70CC with the boron

carbide-based electrodes are summarized in Table 3.1-2. In general,

most of the results on hydrogen were low compared to graphite-based
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catalysts although the more recent catalyst (8821-115B) did p.rform

well, especially on graphite addition and hec treatment. On carbon

monoxide (1% CO in H2 ) the performance of several samples was very good.

In some cases graphite addition materially helped the performance results.

The earlier samples without added graphite had abnormally high internal

cell resistance (2 to 5 times the normal value of 0.03 to 0.05 ohms for

2a 5 cm cell).

Similar data are shown in Tabe 3.1-3 for tests at 150C

in H3 PO4 . Again, most results on hydrogen were low compared with graphite-

based catalysts. One electrode made from catalyst 8821-115B was excep-

tionally good, however, both on hydrogen and 10f CO in hydrogen. This

electrode contained added graphite, and had been heat-treated for five

minutes at 280*C. A repeat test on this same electrode Confirmed the

results shvn in Table 3.1-3. However, three later attempts to reprodue

this electrode,, using the same catalyst batch, resulted in lower performance.

It is interesting to note that for catalyst 8821-115B,

tested in sulfric acid, neither graphite addltioL alone nor heat-treatment

alone improved performance as compared with the "as received" catalyst.

In phosphoric acid, addition of graphite alone was not helpful, but the

heat-treatment improved performance with or without graphilte addition.

Obviously, fturlther work is needed to optimize the processing variables

for maxiaum performance. In ruarticular, the inter-relationships between

catalyst, substrate, PTYl level, and conditiont of heat-treatment need to

be studied.

j
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3.1.3 Catalysts Supported on Mixed Oxides

Tnree samples were obtained from General Electric Company

of 16.7% platinum-ruthenium on a mixed base of B4C and Cr2 O,-WO, in

several ratios. The catalysts as received were in the unreduced form

(preferred by GE for best results) so that modifications in the electrode

preparation were necessary to avoid dissolving the metal salts during

the acid washing step. The electrodes prepared from these catalysts did

not give good resuJts in H2 S0 4 or in H3 P04 , elthough a heat treatment

did give some improvement. Following discussions with GE personnel,

several electrodes prepared in the General Electric Laboratories were

submitted for our evaluation.

3.1.4 Electrodes from General Electric Company

Three electrode discs were received from General Electric

Company. One of these had an applied PTFE backing and has not been

tefsted as yet. The other two electrodes contained 5 mg noble metal/cm2

on a platinum screen with 8% PTFE binder-waterproofing agent and with

no applied backing. These electrodes were tested in the matrix cell at

700 C in H2 S0 4 , with the results shown in Table 3.1-4. Both GE electrodes

(1176 and 1114) gave rather low performance on hydrogen (4o-5o mV below

RA-2 at 100 mA/cm2 ), but the drop in going from pure hydrogen to 1% CO

in hydrogen was about the same as for RA-2 electrodes.

The results in H3 P04 at 1500 C are shown in Table 3.1-5.

Here the GE electrodes performed very well both on hydrogen and on 10%

CO and were comparable to the RA-2 electrode. It is apparent that the

GE catalysts can give very good performance at 150 0 C in phosphoric acid

matrix cello. It seems desirable to run life tests on electrodes similar



Table 3.1-4

Performance of General Electric Elec-trodes (Anodes)

Catalyst: Noble Metal Supported on BCir;03-VOx

Jetrix CeUl - Glass Fi4ber

* 70C H2S04

AA-I Cathode on Oxygen in all Cells

Nble
Metsl

Fuel Electrode # m_/CM2 Performance - Volts at

ILo 100 200 40o 6&0o mA/-m-

H2 AA-I 9.0 Pt .88 -S5 .82 .78 .7h

H2 BA_2A(1) 1.0 Pt .88 .84 .80 .75 .-To

H2 13.76(2) 3.5 Pt + 1.5 Ru .82 .77 .73 .65 .58

H2 1174(2) 3.5 Pt + 1.5 Ru .83 .78 .73 .66 .59

H2 RA-2(1) 2.5 Pt + 2.5 Rh .86 .82 .78 .70 .64

1% CO 1176(2) 3.5 Pt + 1.5 Ru .77 .70 .59

1i CO 1174(2) 3.5 Pt + 1.5 Ru .80 .73 .62

1% CO RA-2(1) 2.5 Pt + 2.5 Rh .84 .77 .64

(1) contains graphite

(2) G. E. electrode
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Ferformance of General Electric Electrodes (Anodes)

Catalyst: Noble Meta! Supported on B.C/Cr2 0 3 -WOx

Matrix Cell - Glass Fiber

150-C H31M4

Ak-l Cathode on Oxygen in oli Cells

Noble
Me-Lal

Fuel Electrode # ___i• 2 Performwnce - Volts at

4 o 200 4oo 600 MA/cm2

H2 AA-1 9.0 Pt .89 .84 .73 .69 .62

R2 BA_2A(i) 1.0 Pt .90 .85 .79 .69 .60

H2 1176;2) 3.5 Pt + 1.5 Ru .82 .78 .73 .67 .61

H2 U174k . 3.5 Pt + 1.5 Ru .87 .82 .76 .63 .60

12 RA-2(1- 2.5 Pt + 2.5 Rh .86 .81 .76 .68 .62

I0% cC U176(2) 3.5 Pt + 1.5 Ru .84 .78 .72 .59 --

10% CO 1174(2) 3.5 Pt + 1.5 Ru .87 .81 .73 .60 o-

1o% CO RA..2(-) 2.5 Pt + 2.5 R .87 .8i .74 .62 --

(I) contains graphite

(2) G. E. electrode

---------------------- .... ..-



to these, and to put further effort irnto forming GE catalysts into

electrodes by modification of our electrode processing variables.

3.2 Electrocazalysis Studies: Sulfur-Covered Platinum Black Electrodes

Binder et-a1(3-6) have shown that the oxidation of carbon

mcnoxide in sulfur acid nroceeds muhh more easily on a sulfur-covered

platinum surface than on pure platinum. In the present study, this idea

has been extended to phosphoric acid electrolyte at higher temperatures

and to mixtures of carbon monoxide in hydrogen, using lower amounts of

platinum metal. The stability of the sulfur-covered platinum surface

was also investigated.

3.2.1 Apparatus and Techniques

Mhe electrolysis cell and reference electrode assemblies

used in these studies, together with electrical connections to the

potentiostat, function generator, and X-Y recorder, are shown in Figure

3.2-1. The vorkiag and the auxiliary electrodes were accommodated in a

conventional H-type Pyrex electrolysis cell. Each compartment had a

sintered glass disc through which nitrogen was continuously bubbled.

Both compartments were covered by PTFE stoppers having the required

number of holes for the electrode holders, reference probe, and other

equipment. Each compartment could also be fitted with a water condenser,

if desired, to keep the electrolyte concentration constant. The cell

was maintained at constant temperature by means of an oil bath.

The auxiliary electrode assembly used an 80-mesh Pt gauze

or a Pt black (AA-2) electrode. The use of a sintered glass disc as

well as continuous bubbling of nitrogen prevented the gases evolved at



ELECTROLYSIS CELL AKiZ AUXiLIARY EQUIPMENT

X •

X-Y Recorder !-+

Auxiliary Working

Wenking )1- -

Potentiostat
Model 61 TRS

Reference Elec. Oil Bath

Low Frequency
Generator

Model 202A

Hewlett Packard

FIGURE 3.2-1

.4



the cathode from reaching the anode. The auxiliary electrode, if

-desired, could be very easily replaced by an oxygen or air depolarized

cathode as used in a free electrolyte fuel cell.

Anode potentials were measured with respect to a hydrogen

reference electTode, at room temperature, using the same electrolyte as

in the test cell. Connection to the test cell was made through a bridge

and Luggin capillary, as shown in Figure 3.2-1. The hydrogen reference

electrode was constructed from PTFE-bonded platinum black on platinum

screen. Hydrogen was bubbled over the electrode, which was isolated

from the main body of the solution by a Vycor tube e,&d porous Vycor bulb.

Test Electrodes

Cyanamid Type AA-1, AA-2, and AA-3 electrodes (see Glossary)

have been investigated so far in these studies. These electrodes were

made liquid impermeable by application of a porous polyfluorocarbon

backing material (Cyanamid L-3 backing). The backing was applied to 1-3/8

inch diameter electrode discs by pressing at 150 psi and 150 0 C for 5

minutes. Connection to the fluorocarbon-backed anode (test electrode)

was made by a platinum wire spot-welded to the tantalum screen. In the

anode half-cell, shown in Figure 3.2-2, the area of the electrode exposed
2

to the electrolyte was 5 c. . Advantages of this electrode assembly

include ease of changing the electrodes, and of keeping any desired gas

atmosphere at the back of the electrode.

Cyclic Voltammetry and Polarization Curves

A Hewlett-Packard Model 202A Low Freauency Generator was

used to drive the Wenking Potentiostat, Model 61TRS. The potentiostat

was connected to the respective electrodes as shown in Figure 3.2-1, and

the data were recorded on a Mosely Model 135 X-Y recorder.
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ANODE HALF-CELL

• HF

A

B
G

THERMOSTATTED
ELECTROLYTE

Key:
A Anode connection
B Gas inlet
C Glass electrode holder
D Threaded PTFE cap D
E Anode face (I-in. diam.)
F Capillary (out of proportion)
G Product ps outlet E
H Bridge to hydrogen

reference electrode

FIGURE 3.2-2
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For polarization studies, a constant potential between

the working and the reference electrodes was appiied by the potentiostat

for 2-3 minutes, and the current obtained at the predetermined potentials

was recorded.

For all practical purposes, the (;oncentration of phos-

phoric acid in the electrolysis cell at 100C was 95-97%. It has been

observed that 85% phosphoric increases in concentration to 95-97% when

heated at 100"C for several hours. All potentials mentioned in this

ctudy are with respect t.o the hydrogen electrode. However, when the

work was performed at 100C, a corrective value* (due to temperature an-1

concentration gradients) of 30 mV was subtracted from the potentials

reported.

3.2.2 Sulfur Deposition Method

The different methods used by Binder et al to cover

the platinum black electroe with sulfur chemisorbate were: exposure

of the electrode to hydrogen sulfide, cathodic reduction of sulfuric

acid or sulfurous acid at high current densities, exposure to sulfur

vapor or sulf'ur solution (in CS 2 ), snd by use of sodium sulfide.

In this york sulfur was deposited chemically by using

sodium sulfide (%S-.9HW0) which, when added to acidic solutions, liber-

ates hydrogen sulfide and deposits the sulfur at the platinum surface.

This method was very easy to perform and had good reproducibility. A

mono-layer of sulfur was assamed to be chemisorbed at the Pt blaek

surfawe when the hydrogen ad3orption peaks norualy observed at the

The corr'.tive #alw. of 30 mY was observed when the reference bydron
electrode a". &o reovr *.rA the eelA.y:s' cail (havi•g
hydrogen atmoppher* over .h ot.Mv4P elect'el'A .xs &t 1000C.
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platinum electrode disappeared during cyclic voltammetric measurements,

This is discussed in more detail in Section 3.2.5.

It was observed experimentally that the addition of 0.4 ml

of 0.58 M sodium sulfide to 250 ml of 6 N H2 S0 4 at room temperature in

a closed vessel was sufficient to deposit a monolayer of sulfur on 5 cm2

of AA-1 electrode (9 mg Pt black/cm2). About one-half hour was sufficient

to deposit the sulfur, The amount used is seven to eleven times higher

than that theoretically required to cover the surface platinum atoms with

a monolayer of sulfur, as calculated from the surface area of platinum

black (30 m2/g) and the packing density of platinum atoms in a smooth
(i)

platinum surface, assuming that one sulfur atom per platinum atom is

required. Obviously, not all of the sulfur present as sulfide adds on

to the platinum surface. In one experiment, 0.2 ml of the above sulfide

solution covered 50% of the AA-1 electrode with sulfur. Thus, fractional

coverage of the electrode with sulfur was obtained by r Ing the proportion-

ate amount of sodium sulfide. The exact mechanism cf deposition is still

not clear. It should, however, be mentioned that hydrogen gas was kept

flowing at the back of the porous electrode while depositing sulfur. The

function of hydrogen is assumed to be the removal of the platinum surface

oxides so that sulfur chemisorption car take place on the electrode sur-

face. This might also be accomplished by reducing the surface oxides

electrochemically and then adding the sulfide.

3.2.3 Sulfur Removal Methods

Sulfur depouited on the platinum black electrodes could

be removed by any of the following methods:
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1. By oxidizing the electrode electrochemically to
potentials > 0. 80 Vas discussed in Section 3.25.
Sulfur is completely gone at 1.50 V.

2. By heating with dilute HNO.

3. By' using the AC conductivity bridge (Model 16B2,
Industrial Instruments, Inc., Cedar Grove, New
Jersey) normally employed for resistance measure-
ment. The AC wave has a peak-to-peak potential
of 1.50 V, which is sufficient to oxiuize sulfur
deposited on the electrode.

3.2.4 Polarization Data

Current-potential behavior obtained with AA--2 and AA-3

electrodes is shown in Figures 3.2-3 to 5 and Tabbk 5.2-i. Vrie presence

or absence of sulfur made no difference in performance on oxidation of

pure hydrogen. However, a definite improvement in performance was

observed for a sulfur-covered electrode when the hydrogen contained 1-10%

carbon monoxide. Table 3.2-1 shows that for an AA-2 electrode, coverage

with sulfur reduced the polarization on iO% CO from 48o mV at 100 mA/cm;-

to 170 mV (relative to pure hydrogen performance). Similarly, for an

AA-3 electrode at 30 mA/cm2 , polarization relative to hydrogen was reduced

from 400 mV to 210 mV. While these improvements are substantial, the per-

formance of the sulfur-covered electrodes on impure hydrogen does not

appear to be as good as can be obtained by other means. For example, an

RA-2 electrode (5 mg noble metal/cm2), tested in the same manner, showed

a polarization relative to hydrogen of approximately 4O m0 at 100 mA/cm2 ,

Figure 3.2-5 shows the polarization curves obtained with

an AA-2 electrode on which sulfur had been deposited and removed several

times and many cyclic voltammograms and polarization ctrves had been

obtained. This electrode was thus in use for several weeks. A decrease

in performance on 10$ CO compared to the new electrode was observed.
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Table 3.2-i

Polarization Data at 1OO0C, 95-97% HgPO0

Potential at which Potential at which

30 mA/cm2 was Obtained 100 mA/cm2 was Obtained

90% H2  90% H2
Anode Used Pure H2  10% CO Pure H2  10% CO

AA-3 o.0h o.44

AA' 3mono. S m.04 0.25

AA-2 0.03 0.07 0.12 0.60

AA'2mono. S 0.03 0.05 0.12 0.29

(Volts vith respect to hydrogen reference electrode.
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This electrode! still showed no los1 in performance when pure hydrogen

was used. Covering thz electrode with a monolayer of sulfur improved

considerably the performance on hydrogen contlining 1-10% CO, but to

a lesser extent than with the fresh electrode (Figure 3.2-3).

3.2.5 Cyclic Voltammetry

An electrochemical technique, cyclic voltammetry, was

utilized to ascertain the coverage of the platinum black surface with

sulfur. At room temperature, cyclic voltammograms (Figutre 3.2-6) were

obtained for an AA-1 anode with and without sulfur in 85$ HSP0 4 and

6 N XPS0 4 . The hydrogen adsorption peaks for no sulfur coverage as

seen in curves 1 and 2 decreased proporticnately as the electrode was

prugressively covered with sulfur. Curve 3 shows 70% of the platinwni

surface covered with sulfur while curve 4 has an apparent monolayer off

sulfur. At room temperature a platlnum black surface covered completely

with sulfur fails to show hydrogen adsorption peaks (at 0.1 to 0.3 V),

shows a decrease in the double layer capacity region (0.3 to 0.5 V), and

shows no evolution of hydrogen even at 0.0 V. At 1000C, as seen in

Figure 3.2-7 (curves 1 and 2), the amount of hydrogen evolved at 0.07 V

with or without a monolayer of sulfur was about the same.

To obtain well-defined hydrogen adsorption peaks, the

distance of the reference ;_-obe from the test electrode is very critical.

The probe should be placed in the center of the electrode and be almost

touching it. The shift in potentie.l between the hydrogen adsorption

peaks at room temperature using the two different electrolytes, Figure

3.2-6 (curves 1 and 2), may be due to the greater resistance in 85%

H2P0 4 as shown below%
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CYCLIC VOLTAMMOGRAMS. AA-I ANODES AT ROOM TEMPERATURE
4 mv/gec, N2 fmpher

12

8

,C2 Anodic

12 2

0.1 0.2 0.3 0.4 0.5
Potential, Volts

FIGURE 3.2-6 1. 6 N H 2S04, without Sulfur
2. 85% H3P04, without sulfur
3. 25% H3P04 , about 70% sulfur coverage
4. 85% H3P0A Monotayor of sulfur
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CYCLIC VOLTAMMOGRAMS, AA-2 ANODES AT 100°C
2.5 mv/sec, 95-97% H3PO4

4I Anodic

•' Cathod ic4

U

8

12

16

0.0 0.1 0.2 0.3 0.4
Potential, Volts

FIGURE 3.2-7 I. No sulfur, N2 atmosphere
2. Monolayer of sulfur, N2 atmosphere

3. CO atmosphere with or without sulfur
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Resistance Between:

Anode and Cathode Anode and Reference

6 NH2 S04  l1 600A

SH3P04 5A 6000m

A cyclic voltammogram in the potential range of 0.7 to

L.4 V e,& a916 be uiilized •o determine tLe amount of sulfur present at

the electrode surface. Comparison of curves 2 and 1, Figure 3.2-8,

with and without a monolayer of suJ fur respectively, shows that the

increase in the area under the curve from 0.7 to 1.4 V was due to the

oxidation of sulfur. Binder et al(3) ave shown that for a monolayer

of sulfur the above increase in area at room temperature in sulfuric

acid is about four times that requi ed for the hydrogen adsorptioniI
peaks (one electron change). suggesting that the sulfur is oxidized to

sulfur dioxide. This is a "destructive" method of sulfur determination,

since on a second cycle no excess area in the oxidation range of 0.7 to

1.4 V is observed.

3.2.5.1 Effect of Carbon Monoxide

The electrochemical oxidation of carbon monoxide near its

thermodynamic potentin.I (E-o . c2 -0 116V') is a highly desirable

reaction. However, a very high activation polarizatio. is usually

observed. Carbon monoxide was adsorbed on the electrode surface ny

passing carbon moio ;xide at the back of the platinum black electrode for

five minutes and then purging witn initrogen for five minutes. Cyclil

voltammogroam showed that" the adeoroed carbon monoxide was oxidized at

0.91 V at room temperatvre end 0.60 V at 100C in phosphoric acid

(curves 4 and 3, Figure 5.2-8, respectively). With a sulfur-covered
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platinum black electrode similarly treated in pboseho:ic acid at 100°C,

no adsorbed carbon monoxide peak was observed. Thus, carbon monoxide

is probably not strongly adsorbed at the Pt-S surfac?. This may be one

of the reasons for the improvement in the performanue of the Pt-S anode

(5)
as compared to the platinum surface. Binder et a&I also obtained

similar results in sulfuric acid.

Using a carbon monoxide atmosphere instead of a nitrogen

atmosphere at the back of the working electrode, curve 3, Figure 3.?-?,

was 6btained, The results were similar whether or not the electrodes

were sulfur coated. The double layer capacity was decreased considerably,

and hydrogen adsorption as well as hydrogen evolution peaks were eliminated.

3.2.5.2 Stability in Phosphoric Acid of Sulfur Deposited on Platinum Black

A solfur-coated electrode having rn open circuit pctential

.of about 0.3 V was kept overnight (]8 hours) at 100*C in 95-97% H3P04

under nitrogen atmosphere, Next day the open circuit potential was 0.9 V.

A cyclic voltammogram showed -4ell-detined hydrogen adsorption peaks

indicating the complete removal of sulfur under the above conditicus. It

hse been shown previously (Figure 3.2-8) that sulfur is oxidized in the

potential range cf O.T to 1.4 V. Thus, keeping the sulfur-coated elec-

trode on open circuit at lOO'C caused the removal of sulfur. Another

sulfur-coated electrode was controlled potentioatati,.al-ly at 0.30 V,

overnight (18 hours) at 0"*C in 95-97% H3PO4. Nerc day a cyclic voltamno-

grbA showed no hydrogen adsorption peaks and so no iosp in sulfur occurred.

It may thus be inferred that as long as the potential of the sulfur-coated

electrode is less than the oxidation potentiul of sulfur, i.e., iesr than

0.7 V, sulfur will remain on the electrode surface.
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In another excperiment, a sulfur-coated platinum black

electrode was kept on open circuit at 10O°C in 95-97T% A.P04 for about

five hours under a nitrogen atmosphere. The cyclic voltammogram

(curve 2, Figure 3.2-9) showed a new cathodic peak at 0.36 V. The

identity of the compound thus reduced in not yet established, but it

may be Lhe oxidized product of sulfur. Further work is needed to

elucidate this new reduction peak.

3.3 Matrix Development

3.3.1 Objectives

The program objectives reqvire a matrix which can operate

stably at 150-200C for more than 1,0*0 hours. Work was started to

develop a 15-30 mil thick matrix having the following combination of

prope'%ies at 150-200 0C: (1) weight and dimensional stability in all

concentrations of H1P0 4 , (2) sustained wettability, (3) resistivity <

0.8 ohm-cm2 , (4) bubble pressure > 5 psi, (5) sufficient mechanical

strength, and (6) nc significant electronic conduction. Matrices being

investigated fc' this program are of the filled-PTFE type, in which a

small amnunt of PTFE (as little ao 2-10% by volume) is used as a binder

for a wettable, corrosion-resistant filler material. In the TA-i

matrix, which has been used extensively in life tests run uider this

contract, the filler material Is etched PrFE fiber. TA-I matrix is

satisfactcry with respect to criteria (3) through (6) above, but h-is

apparent drawbacks with respect to dimensional stability, and possibly

also with respect to sustained wettability. ,The overall cOJectlve of

the matrix development program is to evaluate alternative filler materials

and process modificat ionE. d1rected toward overcoming these drawbacks.
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3.3.2 Corrosion Resistance of Matrix Fillers at 10-2WO°'U

PTFi; is reported to be completely inert to all chemicals
(8)

except molten alkali metals and fluorine. Corrosion tests of PI'E

fiber in 100% H3P04 at 200CC showed no significant weight loss after
(1-b)

10 days. in the current program, powders or fibers of quartz,

tantalum pentoxide, ahA zirconiumi pyrophosphate were also inveýitigated

as prcnising filler materials in corrosion tests with iO0% H3FM4 at 150-

200°C for approximately 300 hours.

At each temperature, duplicate 2 g sample,: wre immersed

in 220 g of the acid within sealed PTFE beakers. This is a more seN-!re

test than the material would face in an operating matrix type fuel cell.,

in which the filler material would be exposed to less than about five

times its weight of electrolyte. Possible re-precipitation of any soluble

corrosion product through cooling was minimized by centrifuging the

corrosion-tested sample, when necessary, aad then decanting most of the

acid at temperatures gentrally only 20--•0'C below the test temperature.

(No pI 'cipitation of solids occurred ts- •he filtrates were cooled to

room temperature, however.) The :;.ids were then filtered, washed free

of acid, dried, weighed., and exesined microscopically. Table 3.3-1 shows

the corrosion resistance of these materials.

3.3.2.1 Fused (Quartz

A commercil fused quartz fiber (fine touartz vl -

Thermal American Fused quartz Company) v'w evaluated. Thls fiber, > 99

SiO2 , is very brittle and mashes easily to a pcvder. Weight loss In

phosphoric acid at 5iO-2W*C ves negligible. The strwtture of th*

umashed fiber degraded someAat at 150%C, evidenced either by local
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etching of the fiber wall or by nearly uniform reduction of the fiber

diameter (Figures 3.3-1, A ana B). Complete degradation occurred at 2000C

(Figure 3.3-1 C). The structure of mashed fiber degraded considerably

at 1500 C and completely at 200"C (Figures 3.3-2, A-C). The refractive

index of tne reaction product is below l.440 and proba~ly below 1.430,

ccmpared to 1.458 - 1.460 for th- fiber. Infrared and X-ray diffraction

data indicate that this law index material 's a silica hydrogel.

3.3.2.2 Tantalum Pentoxide

Tantalum pentoxide powder (Fisher Scientific Company) had

negligible weight loss ea 1500C and !I% loss at 2Cooc. Microscopic

examination iLr-ica: -_- deratiaicn oi the -. diEsolven

material at either temperature (.Figure 3.3-3, A-C).

A tantalum pentoxide fiber (Union Carbide) had 13% weight

loss at 1500C, with only slight degradation of the undissolved fiber, and

considerable weight loss (76%) and structural degradation at 2000 C

(Figure 3.3-h, A-C).

Tantalum pentoxidt cloth No. 11 (Union Carbide) had

greater weight loss at 150*C (28%). Experimental difficulties pre-

vented weight loss measurements at 2000C, but visual obvErvatioa ind!-

cated these loases to be considerable.

3.3.2.3 Zirconium PyrophosLhate

Zirconium pyrophosphate (Tizon Chemical Company) had sub-

stantial weight loss (22$) at both 150"C and 2000C. Lcsses of this magni-

tuce in beaker corrosion tests dc nct necessarily rule out a material

which may be more stable within an operating cell where there is no

r •• r' • • .. • 'e : • , . 'l • " • -• • • ' i .. •, [ • '" ••I • • •1 ' , • l • • . .
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excess electrolyte. This is indicated directly by the reasonably stable

2,000-hour performance in one test with the TA-2 matrix at 150°C

(NCI?-T8)(20a) The decline rate in this test averaged 4 mV/.00 hours
during 1,000 hours at 6o m/cM2, and T 0/100 hours during an additiondl

1,000 hours at 100 mA/c 2 . Furthermore, extensive stable performance

data in alkaline matrix fuel cells have been reported(9) for periods up

to 9,700 hours under conditions which caused 40% weight loss of the

matrix (asbestos) in beaker corrosion tests. (10) Nevertheless, the three-

quarters of the zirconium pyrophosphate remaining uncorroded may be a

more promisirg filler, particularly since the equal weight loss dat& at

1500C and 2000C suggest that this remaining material may be completely

stable.

3.3.3 Matrices

Filled-PT7 matrices, containing 95% by weight of PM,

fiber (TA-1), zirconiiu pyrophosphate (TA-2), or quartz powders or fibers

were studied. The TA-1 matrix designated "original" and the TA-2 matrix

were used previously in the program. A "modified TA-I" matrix has the

same composition as the original but is somewhat thicker.

The commercial quartz powders and fibers (Thermal American

Fused Quartz Company) used in these matrices are made of the same grade

of fused quartz as the fiber which showed negligible weight loss in

phospnoric acid at 150-2000C. Figure 3.3-5, A-C, shows their configura-

Djl, fine wilcer (,Sl) Lao. s •• ) ~s •arttcles mostly 1-7O pa in

mit.Imun dimension with some particles as large as 120 ). The coarser

powder (Vitrecoile) partic.,e are mostly 40-220 #u. The fiber, designated

coarse wool, has diameters of 3 to about 25 P with the overwhelming

majority in the range 5-14 A.
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3.3.1 Matrix ProMprty Measurements

Matrix porosity was determined from the total volume and

dry weight of two-inch disc samples, and the specific gra'rity of the

solids. The average of five thickness measurements was used in deter-

mining the total volume. The percent of the pore volume filled with

liquid was calculated from these measurements together with the wet

weight of the snample and the specific gravity of the liquid.

Bubble pressures in water at room tamperature were

measured in a Gelman filter on one-inch diameter discs. The samples

usually had 90-100% of their pore volume filled 'ith liquid. A t-e

from the space on one side of the matrix wan immersed in a beakcr Of

water Just below the surface. Air pressure on the other side was raised

continuously at the rate of 3-6 psi/minxte. Preliminary tests indicated

that the pressure rise rate is not critical since no significant change

in the obseaied bubble pressure resulted when the pressure wae r'aised

incrementally at 1 psi/minute. The pressure which first produced a

stiady o•revm of bubbleas in the beaker of water was taken as the bubble

pressure. Reported bubble pressures are mostly the average of three

measurements.

Chrinkage was measured in 100% H3P04 at 150-2000C on

disco which were normalJl two inches in diameter, although occasionally

somewhat smaller pieces were vsed. The samples were immersed under a

one-inch depth of 70-150 ml of the 4k0% acid in PTFE beaker@. Area

dimenjions and '±ve thickness points were measured three or four times

during' ,
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Resistivity was measured by i Keithley milliohmeter

dur'ing life testa at 1500C and )5-10O% HS"04 in 2-inch x 2-inch cells

(26 cm: active area). Values reported are for the minim.um resistivity

which la generally re mhed within the first 100 hours of the test and

which averaged 0.10-0.15 chm-cm2 below the init-al resistivity.

3.3.5 Properties of Untreated Matrices

Table 3.3-2 shows propert-is of matrices received water-

wet as usual. The TA-I (uriginal e~nC modified), Th-2, ai-d quartz fiber-

PTFE matrices all have satisfactory combinations of resistivity in H3T0 4

at 150 0 C (o.k2-o.5 7 ohm-cm2 ) and bubble pressure in water (6-13 psi),

As erpected, resistivity decreases with increasing porosity. Thus,

although they are thicker, both TA-I matrices have lower resistivities

than the TA-2 and quartz fiber-PTPE matrices. The matrices containing

quartz powders are less porous then thet filled with quartz fiber and

are probably more resigtive. The modified TA-I matrix 6 mils 4hicher

than the original, has substantially better bubble pressure than the

Qriginal, et no sacrifice in porosi.;, o resiu -r

Ilone of the untreated matrices evaluates for shrinkage

are dimensionally stable in phosphoric acid at 150-2000-. Thus, they

lost 16-57% of their area and thickened 44-92% during the 310-hour

exposure. For all of the matrices, nearly all of the ar:a 'Lose occurred

within the first 72 hours (Figures 3.3-6 and 7). Thickening was either

continuous during 310 hours (TA-i at 150-200C and TA-2 at 150C),

nearly arrested after 72 hours (TA-2 at 200*C), or part islly r"versed

aftter 7-2 hours (quartz fiber-PTFE at 150-200C).
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DIMENSIONAL CHAR(GES WITH TIME IN 100% H3P04 AT ISO-C
(Untreated Matrices)

OKAIII I I I

0,0 Quartz fiber - PTFE

0,4k TA-2

60

0 o5to[s 200 ISO 300

FIGURE 3.3.6 Ti* or
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DIMENSIONAL CHANCES WITH TIME IN 100% H3P0 4 AT 200°C
(Untreated Matrices)

60 _

S40
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80 "1

0
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80

Time, hours

FIGURE 3.3,7
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The TA-I and TA-2 matrices remained flexible after exposure.

However, all of the quartz-filled matrices oecame brittle ond, In some

instances, cracked. The possibility of minimizing embrittlement by

using quartz pre-oigested Jn hot H,3P0 4 or by reducing its percentage

in the matrix will be investigated.

3,3.6 Proper_•Us of Post-Treeled Matrices

When the matrix is constrained within an o*ratitng cell,

the tendency to shrink sets up strains which may lead to eventual

mechanical failure. In view of the dime'4sional instability observed

with a variety of filler types, oonfigurations, particle sizes and

initial porosity, it appears that processing modifications may be

required for filled-PTFE matrices. During this period the matrices

were modified by post-treatments. These included pre-shrinkage through

drying and pre-shrinkage followed either by hesting sorewhat below the

sintering temperature of solld PTFE or by Gintering at 340-360 0 C.

3.3.6.1 Dried Matrices

For all matrices except. the modified TA-i, two inchJ
water-wet discs were dried overnig~t to constant weight at 80-900C.

A 10 in. x 11 in. sheet of the modified TA-i matrix was dried in the

same manner. Dimensional chang-s caused by drying are shown in Table 3.3-3.

The TA-1 matrices had modertte area losses (8-16%) and more substantial

thickness losses (?2-30%). Area and thickness losses were small or

moderate for all of the qua."tz-filled matrices (53-1T) and more sub-

stantial for the TA-2 matrix. The resulting losses in porosity were

4--0% for TA-i and quartz.-filled matrices and 16i for TA-2.
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All of the dried matrices were re-wet directly in water

and in 85% H3 P0 4 under 28-29 in. vacuum for 2-4 hours. In additic-',

the modi ted TA-1 was first re-wet in low surface tension liquids

including ethanol, concentrated acetic acid, and a 1% water solution

of FC-128, a perfluorinated surfactant (5-44 Company). Since the

Ill 12)surface tensions of all of these liquids (17-28 dynes/'ýr" ) , are

below that of the critical surface tension of wetting of etched PTFE

(30 dynes/cm2 ) they should in principle completely wet the matrix

surfaces. Re-wetting with acetic avid and 1% FC-128 was d-ne under

vacuum for 2-4 hours, the former at 28-29 incheF vacuum and the latter

at 24 inches in oider to prevent foamiag. Ethanol re-wetting involved

ovn-r~ight immersion at atmospheric pressure. The low surface tension

liquids were then extracted by water during three 15-minute soaks

followed by overnight immersion.

Table 3.5-3 shows that with nearly all matrices more

than 911% of the pore volume was filled with water or 'cAd. All or the

values above 90% are for samples which were re-wet under vncunm for a

total of four hours if they were less than 9(ý C'illed after the Virst

two hours. The lower values for the TA-2 and the original rA-i were

obtained early in the program and are for vacuum imumersion of ', to

hours. It is possible that they would increase with longer inmersinn.

Porosity changes caused by re-wetting were only 0-5Y.

Properties of the dried and re-wet myttricea .re also

shown in Table 5.3-5. Comparison with Table . showB tht. the bubble

pressures of the dried and re-wet matri ,es are mc!;tly 4-- TPs lower than

those of the untreated ones. The lower bubble pretsure.; might result

frcm incomplete filling or only a fev matrix pores, Despite this
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lowering, the mod'fied TA-i and fine quartz powder-PTFE matrices have

acceptable bubble pressure in water (> 5 psi) alter drying and re-wetting.

Comparison of Tables 5.2-2 and 3.3-3 for all of the

matrices stWdied shows that drying and re-wetting nearly eliminates area

loss in H3P0 4 at 150-2100°C during 310 hours. This treatment also nearly

eliminated thickening of the original TA-I matri x at 150--200°C and of' the

TA-2 matrix at 200°C. Thickening of the quartz-PTFE matrices at 2000C

was reduced, though not by more than one-half. All area changes but not

all thickness changes occurred within the first 72 hou:., (Figures 3.-s

and 9).

5.5.6.2 pried and Heated Matrlc,:s

Two-inch water-wet discs were dried at 80-900 C and then

heated at 250-000 C and cooled rapidly. While these temperature.s are

below the sintering temperature of solid PTFE (327*C), heating of the

orl.ginal TA-i matrix at about )00 -C for only 5 minutes appeared to

cause partial sintering, as indicated by X-ray diffraction measurements

which showed a decrease in crystallinity. This probably occurred

because of the fine subdivision of at least scone of the PMFE.

Preliminary work showed that heating times of 5 minutes

to 16 hours gave essentially the same dimensional chminges during heating

and during expor3ur, in hot acid (Figure 5.5-10) with both the original

TA-I matrix and the TA-P matrIx. All of the quartz-ftilled matrices were

heated for nne hour.

Table 5.i-4 0hows property data l'or the dried and heated

rnittrtl-ee. Heating prlduted 1ttle or no dimensional changes beyond

those caused by drying. The TA-I matrix re-wet to only 64 % In wnter
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DIME.ISIONAL CHANGES WITH TIME IN 100% H.3p04 AT 150-C
(Dried Matrices)~
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S40
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80 QE Quartz Fiber - PTFE
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Time, hours
FIGURE 3.3-8
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DIMENJSIONAL CHANGES WITH TIME IN IOUi% H3130 4 AT 200-C
(Dried Matices)

60-

1401
20

0L

0 Quartz F'ber - PT'E
80 - n0 Q~jartz Powder - PTFE

V Fine Quartz Pcwder - PTFE
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i40
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0 so I S 200 250 300

Time, hours
FIGURE 3.3-9
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DIMENS;ONAL CHANGES WITH TIME IN 100% H3P0 4 AT 150,200-C
(Dried and heattd TA-I, TA-2 Matrtces)

60

w40

20

HEATING TEMPERATURE OF
TIME SHRI14KAGE TEST

80 MATRIX (min) (-C)

A TA-I1 5 ISO

STA-1 30,60,120,960 2100

60 0 TA-? 5 150j W TA-? 5.30,60, 120,960 200

E40

20
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0 5 0 S 0 5 0

Time, hours
'FIGURE 3.3-10
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after 2-1/2 hours of vacuirn immersior, but additional immersicn at

atmospheric pressure fo: 16 hours produced nef-rly complete vetting.

With the exception of one of the quartz powder matrices in water, all

of the other matrices re-wet 90% or moze after 2-4 hours' vacuum

immersion. The limited data indicate that better re-wetting was

obtained with the original TA-1 matrix in acid ena with the TA-2

matrix in both water and acid than with corresponding driead matrices.

Additional data are required to verify this effect. The dried an-

heated matrices generally have the same or clightly lower bubb)-.

pressures (1-2 psi lower) than the dried matrices.

Heating did not generally improve on dryinw in providing

Snensional stability in acid at 150C-?Cx90C. Again, most of the dimen-

sional changes occLrred within the first 72 hours (Figures 3.5-10 and

11).

3.3.6.3 Dried and Sintered Matrices

Samples of dried matrices were free-sintered at 34,.-)60°C

and then cooled rapidly. Table A5--5 shows the resul~in matrix proper-

ties.

Sintering the TA--I matrix for m minute- to one ho"ur caused

considerable area loss (S3A4) and thickenAng (104) as wel A -nbritt•e-

ment. By contrast, all of t e ot.:ýr filltc-PrFF. maPrices, sP'tered r

one hour, were diniensional' if abie dur-ing thin treatmrnt, knong these.

only the quartz powder iurl-'es retaixd nechsi'&2 &tren'h, hower.

The others (zirconium Wropho-phote, '-Ine qu1,v;-tz po'wder, an' qtumrtz

fiber) became too fra;ie to handle.
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DIMENSIONAL CHANGES WITH TIME IN 100%. H3PO4 AT 200°C
(Dried and Heated Fused Quartz Matrices)

60

e40
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80-
0 Quartz Fiber- PTFE

192 Quartz Powder-PTFE

9 sine Quartz Powder-PTFE
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Thou sintered quartz powder matrices re-wet well in water

and in acid. Compared to quartz powder matrices that were dried and

heated, they have icwer bubble pressure in rater, equally negligible

area loss and somewhat less thickening in hot acid at 150-2000C. Like

all of t.he quartz-filled matrices, regardless of post-treatment, they

embrittled in hot acid.

3.3,7 Life Teqt of Quartz-FTFE Matrix

A life test was run with an untreated quartz fiber-PTFE

matrix on 12 .-a-tr at 150 0C and WlO mA/cm2 (Figure 3.3-12). The maximum

voltage (0.695) was about the some as that obtained with the TA-l matrix.

During 100 hours the cell resistance rose and the voltage declined rapidly.

These results are not surprising in light of the dimeiisioual instability

nf this form of the matrix and its embrittlement -n the hot acid. (Section

3.3.5).

3.3.8 Evaluation of Commercial. Materials

3.3.8.1 Silica Cloth

Bubble pressvres in 'ater !7ere measured on four grades of

a commercial silica cloth (Sil-Temp, made by Haveg Corporation) which

are 20-59 mils thick and 59-68% porous. All ba'ý negligible bubble

pressure (<0.2 psi) ari thus az-e uns.itatle as matrices. The cloth

fiber, however, is of possible interest as a filler.

3.3.8.2 Tantalum Pentoxide Cloths

Tantalum pentoxide cloth No. 11 (Union Carbide Company),

described in Section 3.3.2.2, is 20-m-l thick, 85% porous, end has

0.8-0.0 psi bubble pressure in water. The cioth broke wnen assembled

in a cell in the usual manner. The poor strength of this ma"~erial and

its low bubble pressure make it unsuitable as a matrix.
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LIFE TEST 252, QUART7-PTFE MATRIX

150tC, 9S-1oOR 3P0 4, H2/Air
RA-2 Anode, AA-2 Cathode

Current Density: 100 ma/cm2

I I III

0.70

. 0.65

cc

• 0.60

0.55 -

0.50

4 40

4i 20
U

-- 0 -- ---

0 100 200 300 400 500

Time, hours
FIGURE 3.3-12
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Tantalum pentoxide cloth TC-100 (Union Carbide Company)

rnde from the fiber described in Section 3.3.2.2 is 28 mils thick, 83%

porous, and has about 1 psi bubble pressure in water. The cloth was

first life tested on H2 -air at 1000C and 100 mA/cm2 (Figure 3.3-13).

Initial resistivity (0.4 ohm-cm2 ) and voltage (o.68 V) were slightly

better than that of the TA-i matrix. Stable resistance and voltage

were obtained for 350 hours at a voltage decline rate of 4.2 mV/iOO

hours. Raising the cell temperature to 1500C lowered the resistivity

to 0.3 ohm-cm2 and increased the voltage to 0.T25 V. However, during

the next 50 hours the voltage declined rapidly, with no resistance rise,

because of a gas cross-leak. The low b'ibble pressure of this cloth

makes it of doubtful use as a matrix.

3.4 Life Testing

All life tests run during this reporting period were

operated at 100 mA/cm2 with gas flows set at 1.5 x stoichiooetric

hydrogen and 3.0 x stoichiometric air. Standard TA-i matrices (without

drying or other modification) were used in all tests except a few which

were set up specifically to evaluate experimental matrix miaterials. A

summary of all life tests run during this period is shown in Table 3.4-1.

Identification of electrodes and catalysts used is given in Table 3.4-2.

3.4.1 Long Term Hydrogen/Air Tests at 100, 1500C

Three extended duration life iests have been continued

from previous reporting periods. Test 81 (AA-I electrodes, 150C) was

terminated after 9,540 hours of operation when cross-leakage was observed.

The condition of the cell components was similar to that noted in tests

running 1,000 hours, but the effects were more pronounced. The anode

spacer and catalyst support screens were severely embrittled. Some
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LIFE TEST 244
TANTALUM PENTOXIDE CLOTH MATRIX (TC-100)

95-1009' H3P0 4, H2/Air
RA-2 Anode, AA-2 Cathode

Current Density: 100 ma/cm 2

0.75

o0.70

0

ji 0.65

Temp. raised
to 1500C

0.60

Note: Cell Active
Area = 5 cm2

U)

SE 60-

4 - 001

0 100 200 300 400 Soo 60J.
Time, hours

FIGURE 3.3-13
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SblAarTgilg- of tOe IA-1 matrix occurred on the air side in the area

.betwvew the electrode edges and the inner edge of the cell gaGket. The

enLe ••.de-red to the matrix surface but could be separated by soaking

in water. White globules of amorphous material were found in the gas

spaces of both sides of the cell, on the back of the electrodes, in the

spacer screens, and on the cell plates. Efforts to identify this

material have not been successful. Traces of these deposits can be

seen in Figure 3.4-1 as white spots on the gas side of the anode.

For the first 5,000 hours of operation, Test 81 ran with

only a moderate decline (see Table 3.4-3 and Figure 3.4-2) but with

decreasing stability thereafter. The voltage decline of Test 110,

running with an RA-2 anode, has been more rapid and is associated with

an earlier increase in cell resistance. The best voltage level after

7,000 hours' elapsed time was exhibited in Test 95 (RA-2 anode, AA-1

cathode, iOOC), indicating greater stability for tests operating at

this lower temperatiure. Tests 110 and 95 are continuing.

3.4.2 Tests at 150oC

Hydrogen/air performance for RA-2 anode/AA-2 cathode

(2-b)cells was evaluated during the previous reporting period. Testing

with a 10$ C0/90% hydrogen fuel mixture, begun in the last period, was

continued during the early portion of this period. Later tests at

150°C were carried out with a synthetic reformate containing 3% CO,

27% C02, and 70% H2 .

3. 4 .2.1 Standard (RA-2) Anodes and (AA-2) Cathodes

3.4.2.1.1 Performance with I0% C0/90% i§ Fuel

The cell response to the change in fuels from H2 to P2

with 10% CO has been evaluated throughout the course of several life
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AA-lI ELECTRODES AFTER 9540 HOUR LIFE TEST (8 1)
4 1509C. 95-100% H3P04. H2/Air. 100 ma/cm2

Anode, matrix side Cathode, matrix side

Anode, Gas Side Cathode, gas side

FIGURE 3.4-1
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Table 3.14-3

o Term H/Air Teats

Life Test
Number Temp. Anode Cathode Current Density

ma/cm2

81 150 AA-1 AA-i 100

95 100 RA-2 AA-i 100

.10 150 RA-2 AA-i 100

Rate of Rate of

Elapsed Tim- Voltage Decline Resistance Rise
(hours) (V/oo h. ) (miliohms/i,000 hrs.)

Test Test Test Test Test Test

81 95 no 81 95 UO

0-1000 4 * 7 1.6 0 3.0

1000-2000 2 * 4.3 1.6 1.0 4.0

2000-3000 0.7 0.8 0.8 1.6 1.3 4.o

3000-5000 0.7 0.8 3.9 1.6 1.3 8.5

5000-8000 2.5 0.8 1.8 6 1.3 1.0

8000-9000 7.5 - - 9 - -

9000-9540 Accelerating - - Accelerating

Voltage rising during this period
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tests and is shown in Figure 3.4-3. The connected points indicate data

obtained on the same test. Response to CO appears to be increasing

from about 20 mV initially to about 50-90 mW after 1,000-1,200 hours.

This suggests that anode stability on 10% Co is not as great as on E12.

However, in Test iuo a response of only 40-50 mV was observed after

4,000 hours of operation.

Extended periods of operation with the 10% CO fuel mixture

for several tests are shown in Figure 3.4.4. The initial point of each

curve is the hydrogen/air performance immediately prior to switching to

the 10% CO fuel mixture. The voltage stability in these tests appears

to be comparable (12-15 mV ioss/100 hours) to tests on 'f2 during the

first 500 hcuR. However, during the second 500 hours, the tests on 10%

CO continued to decline at 12-15 mV/lO0 hours vhercas the decline rate

on pure H2 decreased to about 4-9 mV/lO0 hours.

3.4.2.1.2 Performance with Synthetic Reformate (3% C0/27% C02/7O% H2 )

Prevous olaizaton (2-c)
Previous polarization work at 1500C indicated that

at 100 mA/cm2 , RA-2 anodes could be expected to lose approximately 30 mV

when switched from pure hydrogen to synthetic reformate. Early life-

test results were much poorer, however, with initial performance losses

ranging from 47 to 120 m0, and high decline rates. Performance curves

are shown in Figure 3.4-5. Initial points are H2/air performance

immediately prior to switching to synthetic reformate.

Subsequently it was found that the performance of the

RA-2 anodes could apparently be improved by an "oxygen treatment" carried

out during start-up or a "gas reversal treatment" during the course of

the run. Start-up treatment consisted of heating the cell to operating

temperature (15 0 °C) and then passing oxygen over the anode and (in some

cases) hydrogen over the cathode for periods of 10-30 minutes. The cell
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was then started in the normal manner with hydrogen at the anode and

air at the cathode until a stable performance level was obtained before

replacing the hydrogen with the synthetic reformate. Initial performance

on the reformate was above 0.680 volt, with decline rates of 11-14 mV/

100 hours as shown in Figure 3.4-6. The tests are shown from the point

of introduction of the reformate.

At present there is no good explanation for the apparently

beneficial effects of the oxygen treatment. Possibly one of the catalyst

components is raised to an oxidation state which is more effective towards

CO, or perhaps the treatment may remove some surface contaminant.

A "gas reversal" treatment has also been found to be

beneficial if low initial performance on synthetic reformate is observed.

Figure 3.4-7 shows portions of lii tests in which cells responded

favorably to this type of treatment. With the exception of Test 227,

these anodes had not been given an "oxygen trestment" during start-up.

Ii the gas reversal treatment the cells were placed on open circuit,

then oxygen was passed over the anode and hydrogen over the cathode for

approximately ten minutes before returning the cell to operation on the

reformate. Performance level and in some cases stability appear to have

been improved by this treatment.

3.4.2.2 Anode Variables

3.4.2.2.1 Modified RA-2 Anodes

In the manufacture of American Cyanamid Company fuel cell

electrode3, an extractable filler is normally incorporated in order to

improve porosity. Modified RA-2 anodes (designated PA.-2 (M)] have beerl

made by replacing a portion of this extractable V4l.er with a secondary
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filler having a larger particle size and an elongated shape. Performance

of the RA-2 (M) anodes is shown in Figure 3.4-8. Initial performance on

synthetic reformate was less than 20 mV below H2 performance; and when

Test 239 was returned to pure H2 after 820 hours of operation, the levels

still differed by only 18 mV. The performance on reformate demonstrated

by these cells was of the order of the best previous H2/air values as

illustrated by Test 110 in Figure 3.4-11. Further work in this area is

necessary, however, since subsequent tests with electrodes from the same

sheets have not performed as well.

An electrode with 5 mg/cm2 RA catalyst but without graphite

was run in Test 241, shown in Figure 3.4-9. Performance loss on switching

to the synchetic reformate was high (60 mV), but there was little

additional loss during the next 300 hours. The voltage decline rate

thereafter appeared to be similer to that observed with RA-2 (M) anodes.

In Test 253 an RA-3 (M) electrode (3 mg noble metal/cm2 )

with the modified pore structure gave a 50 mV polarization when placed

on the ternary fuel mixture and showed poor stability (60 mV loss in

200 hours).

3.4.2.2.2 Type AA Anodes

The response of platinum anodes tt the 5 and 10 mg/cm2

level to synthetic reformate was determined in Tests 213 and 219,

Figure 3.4-9. The AA-3 anode dropped 35 mV and the A"-2 20 mV when

switched from hydrogen to the reformate. Performance level and decline

rates were similar to the best results obtained with RA-2 or ?.,-2 ,)

electrodes.

i
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3.4.2.2.3 Type BA Anodes

Several a.nodes prepared from Pt, Pt-Rh, and Pt-Ru

catalysts, deposited on Cyanamid gralphite at 5 mg noble metai/cm2 ,

were evaluated on 100% CO as shown in Figure 3.4-10. All electrodes

gave performance on pure hydrogen equal to a standard RA-2. The ft-Ru

and Pt-Rh anodes lost more than 200 mV on switching to 10% CO, however.

The platinum anodes gave better performance on 10% CO, but voltage levels

(0.55-0.62 V) were lower than have been obtained with RA-2 electrodes

(Figure 3.4-4).

A platinum-on-graphite anode from the same electrode sheet

used in Test 130 was also evaluated on synthetic reformate in Test 236

(Figure 3.4-9). Initial performance on H2 was somewhat low in this test

(a type BA cathode was used), and the loss in voltage on switching to

reformate was greater (65 mY) than for the AA-3 electrode, which also

contains 5 mg Pt/cm2 but without graphite. The cell has operated stably

on the reformate at 0.62-0.63 V for 670 hours, however, and the test is

continuing.

3.4.2.3 Cathode Variables

3.4.2.3.1 Type AA Cathodes

Test 124, begun in the last report period, was set up with

all noble metal screens and platinum foil lining the faceplate on the

cathode side. The performance of this cell was not significantly

different from cells in which the electrode support screen, backup screens,

and cell plate were of tantalum (Figure 3.4-11). A repeat of this test,

155, confirmed the previous results.
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In Test 154, the cathode support screen was extracted

with hydrofluoric acid, ard the catalyst film pressed directly against

the backup screens. This electrode structure did not perform as well

as the normal screen type electrodes, and cell resistance was higher.

Cathode structure has also been varied by the addition

of a secondary extractable filler as was done with the RA-2 (M) anodes.

The effectiveness of this procedure is not yet clear. Cathodes of

this type have given good performance in some tests and again, when

paired with the same anode sheet, have performed poorly.

3.4.2.3.2 Type BA Cathodes

BA cathodes have bef.n prepered both with Pt deposited on

Cyanamid graphite and with physical mixtures of the two components at

2.5, 5, and 10 mg Pt/cm2 loading levels. Of the higher loading group

the best voltage level was obtained from a cathode in which graphite

was physically mixed with platinum black (Test 144, Figure 3.4-12).

Test 168 suggests that good stability may be achieved with platinum-on-

graphite cathodes, although the voltage level was somewhat low (0.64 V

maximum). In Test 236, Figure 3.4-9, a cathode from the same electrode

sheet was used in conjunction with a type BA anode. A better level of

performance was observed (0.68 V with hydrogen at the anode) and

excellent stability (no voltage decline in 670 hours with synthetic

reformate at the anode).

Tests with type BA cathodes containing 5 mg Pt/cmi are

shown in Figure 3.4-13. One test %-tth an AA-3 electrode is also shown

for comparison. Test results with these cathodes were quite variable.

The highest voltage (0.645 V) was obtained with an electrode in which
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the platinum was present as a physical mixture of platinum black with

platinum deposited on graphite. Again, electrodes with 50% platinum

deposited on graphite • same catalyst sample as used in Tests 168 and 256,

Figure 3.4-J2) have given good stability (< 3 mV decline/lO0 hours) but

at a low level of performance (0.55-0.58 V) in Tests 134 and 156.

Three tests were run with cathodes having a layered

structure, with 5 mg/l.m 2 of platinum black applied on the ma:-rix side

of the screen, and Cyanamid graphite on the gas side (Tests 152, 170,

and 182, Table 5.4-I). PTFE levels were varied, but with the graphite

layer always more highly waterproofed than the platinum layer. Results

with this type of electrode were generally poor, the highest voltage

level achieved being O.57 V in Test 170.

3.4.2.4 Reference Electrode Measurements

A number of life test cells were set up with reference

electrodes in an effort to follow individual electrode trends. The

experimental set-up for the reference electrode has been previovily

described.(2-d) The measurements made include the IR drop through the

cell, and thus are affected by changes in cell resistance. For tests

in which cell resistance changes with time are small, however, the

reference electrode data are felt to provide a meaningful measure of

individual electrode perfornance. Figure 3.4-i4 shows reference elec-

trode data obtained during several tests operating for extended periods

of time on synthetic reformate. The data indicate that the RA-2 anodes

are reasonably stable under these conditions and that loss in cathode

performance is primarily responsible for the voltage decline observed

in these life tests.
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3.4.3 Tests at O00°C

Mo~t of the life testing effort during this pericod was

devoted to work at 1500C. However, some work has been done at IO0°C

with H2 , with 1%, 3%, and 10% CO/H 2 binary mixtures and with a 1% C0/29%

CO2/70% H2 synthetic reformate.

3.4.3.1 Standard (RA-2) Anodes and (AA-2) Cathodes

The bu.Lk of the 100IC testing has been with standard RA-P

and AA-2 electrodco. Peor reproducibility and low initial cell voltage

have hampered testing in this area. Those tests which have come up to

%ý2/air peak voltages of o.64o-o.66o volt have exhibited excellent

stability as shown in Figure 3.4-15 and also by Test 95 in Figure 3.4-2.

Efforts to decrease performance variability are discuassed in Section 3.4.4.

The response of RA-2 anodes to varions binary CO/H 2 mixtures

was obtained at intervals during the course of several life tests. The

data were obtained by operating the cell with H2/air and then switching

to the impure Hp feed and continuing operation for periods up to several

hundred hours before returning to pure hydrogen. The changes in performance

level wert recorded for the introduction of both the impure and the pure

H2 fuel, and are tabulated in Table 3.4-4. Although the data show con-

siderable variability between the different tests, there appears to be

a general trend toward increasing response to the impure fuel with time.

Relatively stable performance on synthetic reformate

(1% C0/29% C02/70% H2 ) has beeu obtained in only two 100*C life tests,

198 and 214 in Figure 3.4-16. As in the previous impure hydrogen graphs,

the initial point shown is the H2 /air performance prior to impure

hydrogen operation. Test 198 was not stb'ole in its initial trial on the
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Reeponse of RA-2 Anodes to Various CO/H 2 Mixtures at 100"C

Life Tect Elapsed Time
Number (Hours) Change in Performance Level,(u)(V)

A.-S3%C 10% CO

108 122 32

108 258 59 -

108 308 - 119

108 594 - 159

108 1128 68 -

108 15o8 129 -

129 880 - 21

129 1504 - 43

129 1840 - - 76

129 2008 - - 98

129 2490 30 -

129 2676 31 -

159 350 - - 69

2.59 500 - - 123

160 64o - 103

160 668 - - 198

10 712 - 96

160 880 - 125

160 952 55

(1) Difference between voltage on pure hydrogen and that on indicated gas mixture.
Current density: 100 ;A/c. 2 .



-97-

C)

rt.4

CD
CD

C4.

co,~

LLI c2

L.11

uzd
-5-

) CD

r4

f4'

9110 'OSIIOASUIIIJO



-98-

reformate but improved after a period of hydrogen operation. In Tests

202 and 242, H2 /air performance did not reach the 0.64-0.65 volt level

usually expected at this temperature.

3.4-.3.2 Electrode Variables

Only one test of an RA-2 (M) modified-structure anode has

been made at 1000 C (Test 242). Performance on H2 was not good (0.58 V

maximum), but the difference in level between pure and impure hydrogen

was less than 20 WV. The pretreatment of anodes with oxygen has not been

successful in 100*C testing either by treating at 1000C, or heating to

150°C, treating the anode, and then cooling to operating temperature.

In both inetances (T"stg 228 and 232) the voltage loss on switching to

synthetic reformate was 150 mV or more. These cells also contained AA-2

(M) cathodes in which the secondary extractable filler was used. Hydrogen-

air performance followed the usual pattern of a slow rise to peak value.

An AA-3 anode (5 mg Pt/cm2 ) gave peak H 2/air performance

of only 0.610 volt in Test 226, and was unstable (would not maintain

100 mA/cm2 ) on the synthetic reformate.

3.4.4 Initial Cell Performance Variability

Initial cell voltages of life tests have generally been

below the peak performance values. The length of time for a cell to

reach its peak voltage has varied from 0 to 180 hours at 150°C and has

been as long as 400 hours at 1°C. In an effort to shorten or eliminate

this start-up period, various pretreatment@ of electrodes, matrices, and

complete cells were studied (ziee comments in Table 3.4- 1). Electrodes

and matrices were preconditioned in acid prior to assembly in cells.
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Complete cell assemblies were sealed and held at operating temperature

for various periods prior to .tart-up. Also, hydrophilic materials were

"dusted" over the matrix face of the electrodes. None of these procedures

had a significant effect in improving cell start-ups.

3.4.5 Crystallite Size Measurements

Crystallite size data have been obtained from several

tests using type AA 10 mg Pt/cm2 electrodes as both anode and cathode

(Table 3.4-5). Cathode data are similar to that previously reported,(2-e)

with a rapid early growth and then a slower continued increase. Limited

anode data indicate a much slower growth rate, with only a 40 A increase

over a 9,000-hour period at 1500C and 100 m-A/cm2 .

RA-2 anodes showed virtually no increase in crystallite

size in tests of up to 1,200 hours at 150•C and 100 mA/cm2 . (Test 152

operated with a poor cathode and the high anode crystallite size shown

is probably related to the low overall voltage.)

Data have been obtained on only a few type BA (platinum

deposited on giaphite) cathodes at this time, but, it appears that they

undergo an early rapid crystallite growth similar to unsupported platinum

black.
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Table 3.4-5

Crystallite Size Measurements

1500C Tests, 100 mA/cm2

Life Test Duration
Number Hoursrstllite Size (

Anode Cathode

AA-l and 2 Electrodes

116 90 122 190
80 320 14o 155
85 856 125 215

165 loo6 - 155
164 1300 - 160

81 9500 147 240

New AA-I and 2
Electrodes 0 105 -115

RA-2 Anodes

152 18 157
147 184 37
188 620 47
165 1oo6 45
84 1197 47

New RA-2
Electrodes 0 40

BA Cathodes

134 112 115
174 308 115
156 470 120

CatalystM( 1 0 65

180 188 155

Catalyst (2) 0 40

(1) Used in life teat 184, 17T4, 156.

(2) Used in life test 180.
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4.1 Catalyst and Electrode Evaluation

A. Anode Catalysts

Evaluation of Pt-Rh and Pt-Ru catalysts on graphite,

boron carbide, mixed chromium-tungsten oxides, and tungsten or titanium

disilicide bases will be continued with the objective of determining

ithe most practical and effective anode composition for the impure H2 /

phosphoric acid system. In particular, more effective catalysts for

operation at 100*C will be sought since cathode stability appears to be

much greater at 100°C than at higher temperatures. Corrosion tests on

the mixed oxide and disilicide bases will be zarried out in order to

obtain preliminary information with respect to the utility of these

materials in the hot phosphoric acid sy-tem.

B. Cathode Catalysts

Platinum deposited on various substrates by thermal

reduction of platinum diammine dinitrite and by chemical methods will

be evaluated alone and in admixture with platinum black. Preliminary

evaluation will be on pure oxygen; the best materials will then be

evaluated in electrode structures optimized for air operation.

C. Cathode Structure

Various means of modifying electrode pore structure to

obtain better performance on air will be investigated. This work will

include the "leached nickel foam" appro&ch described by General Electric

Company(14) as well as the use of other extractable filler materials

having a favorable geometry. The effect of PTTE level and' heat treat-

ment of the electrodes (and the interactions between thes, variables)

will be investigated.
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4.2 Electro-Catalysis Studies

The work on sulfur coverage of platinum black electrodes

will be extended to include other noble metal systems such as platinum-

rhodium and platinum-r--theiiium. Cyclic voltamzmetric techniques will be

used in conjunction with polarization studies to investigate the

functioning of these catalysts on CO-containing hydrogen fuel mixtures.

4.3 Matrix Development and Evaluation

Work with etched PrFE, tantalum pentoxide, silica fibers,

and pre-digested zirconium pyrophosphate as matrix fillers will continue.

A study will be made of changes in the matrix manufacturing process which

together with the post-treatments described in this report may be expected

to lead to matrices having improved dimensional stability without loss

in porusity. ln g~neral, the objective in this phase of the program will

be to develop a thinner, more porous matrix in order to reduce resistive

losses in operating cells. Maintaining adequate bubble pressure in

thinner matrices may be a problem. In this connection, the effect of

higher ?TFiL levels on bubble pressure will be investigated.

4.4 Life Testing

During the next period, emphasis in the life-testing

program will be placed on the evaluation of improved anode and cathode

catalysts and electrode structures, as well as new matrix compositions.

Initially, tests will be run to evaluate the long-tein stability of

various Pt-Ru catalysts received from General Electric Company. A

systematic study will also be made to confirm the apparentlv beneficial

effects of oxygen treatment and pore structure modification on the

performance of RA-2 anodes noted in this report.
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